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N vel matrix metall pr teinas inhibit rs and dovn-r gu- 
lators 

The present invention relates to novel matrix metallopro- 
5 teinase (MMP) inhibitors and down-regulators, to a pro- 
cess for the preparation of these inhibitors, to pharma- 
ceutical compositions comprising these inhibitors/down- 
regulators, to the use of the novel matrix metallopro- 
teinase inhibitors for the manufacture of pharmaceutical 

10 and research preparations, to a method for inhibiting and 
down-regulating MMP-dependent conditions either in vivo 
or in vitro f to a method for inhibiting formation, synt- 
hesis, expression and/or functions as well as actions of 
matrix metalloproteinases, and to the use of the novel 

15 MMP inhibitors in biochemical isolation and purification 
procedures of matrix metalloproteinases. 

Matrix metalloproteinases (MMPs) constitute a superfamily 
of genetically closely related proteolytic enzymes capa- 

20 ble of degrading almost all the constituents of extracel- 
lular matrix and basement membrane that restrict cell 
movement. MMPs also process serpins, cytokines and growth 
factors as well as certain cell surface components 
(Woessher, Id^l; Bii'kendai-Hansen, 1995; Chandler et al . , 

25 1997} . MMPs are thotight to have a key role in meciiating 

tissue remodeling c^nd cell migrattion during morphogenesis 
and physiological situations such as woxind healing, trop- 
hoblast implantation and endometrial menstrual breakdown. 

30 MHPs are further involved in processing and modification 
of molecular phencmena such as tissue remodeling, angio- 
ganesis, cytokine, growth factor, integrin and their re- 
ceptor processing (Chandler et a2 . , 1997). MMPs also me- 
^ diate release and membrane-bound proteolytic processing 

35 of tumor necrosis factor (TNF-a) -by bact rial-viral nee 
factor induce J monocyt s. This event is m diated ;by a 
meiobrane-bound metalloproteinase TACE (TNF-a activating 
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enzyme). Thus ; MMP-inhibi tors., such as the novel peptides 
, presented in this .invention, can i.a. prevent activation 
of TNF-a by blocking -this type of activating enzymes 
(Shapira et al.,^ 1997 )>^fr .: . - 

. Several ^studies, have shown ithat rthe expression and acti- 
ve ^ vities^ of MMPs a5rev.pa[thologically elevated ovei: the bo- 
i-; dy's^ endogenous anti-proteinase shields in a variety of 
; diseases such as- cancer,/ ocaetastatdsV rheumatoid arthri- 
IC r tis, multiplei sclerosis; periodontitis,- osteoporosis, 
„ ; osteosarcoma, costeomyetitis,;:;brpnchiectasis;v:chronic pul- 

" - monairy .obstructive disease, an& skin and - eye diseases. 
^ : > Proteolytic enzymes,, j^peciaaiyrMMPs; ^are believed to 
; T : ; contribute to- the -tissue ;.destruction damage 'associated 
15; with these "diseases^ • ^ / : - '\: f - 'r,:^^:: 

cf . :•: There is a rvariety;. of other ^disorders in which extracel- 
> L lular protein degradat ion/destruction ^.playsOa prominent 

role. Exeunples \of such diseases include arthr it ides, ac- 
20 : quired immune deficiency/. syndromei (AIDS), burns, wounds 

such vaft . bed sores • and var icose^: ulcers ; f r actxires , trauma , 
\ ' : gc»stric ulceration, . skin diseases^ such as acne and pso- 
riasis , lichenoid legions i epidermolysis ' bollosa , af tae 
(reactive oral ulcer), dental diseases _such as periodon- 
Z5 . r t:al dise^sfts, vperi-?implantitis, : jaw arid oth^er cysts and 
. , root, jcanal treatment*^^ or endo^ treatment , ^related di- 

; ; ~ o seases, .externals aad' intrinsic root resorption), caries 
-.etcw- ' • \i '\ i-T. .-^^ ' ^ . o.. 

Tf 0 ; ^ At least 20 members' of ^ the MMP-Super family are known 
V ? ■ : (Birkendal-Hanssn, 1995 ;tPei & ^Weiss*, 1996 ; ^ Llano et ai . , 
::1997.y,: awd the number of ?!MP-family' members and their 
^.cellular origins is growing all the time." Each of the MMP 
. . enzymes contains a put€:.tive- tridehtate Zh^'*' binding sit 
35 which is b lieved to constitute the active site fh' th 

enzyme. Veiry recently, three n w members of th MMP-fami- 
ly were discovered by screening cDNA libraries for homo- 
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logies to conserved regibtis of the known MMP genes and 
named the membraiie-t^e ^matrix inetalloproteinases-l, -2, 
and -3/ (MT^MMP-1/ r2', ~and-3)rv Based oh their predicted 
amino acid sequences, eacdx ^of the MT-MMPs/ l-ike almost 
5 all previously characterized MMPs, contains (i) a candi- 

n date leader -sequence/' ?(ii^ a propeptide region which inc-- 
: u i riudes . a highly conserviBd PRCGXPD secjuence that helps to 
- : stabilizeKthe: MlIP- zymog^^ a catalytically inactive 

state , f - ( ii i )i ^z:inc-lDiniding catalytic doma in , and ( iv) a 
10: : hemopexinr- like domain hear theiri respective C-termihi. In 
addition;: in :a patterriL^sim^^^ for 
;stroBeIysin>T3 / ^ach ,ef ' *he MT-MMPsr&oRtains -'a short amino 
v acid inserit sandwirched c^^etveen their -prp^ and catalytic 
domains that encodes <:a tpotential recognition motif for 
15 members of the proprotein convertase faimiiy. Despite 

their considerable similarity to other MMP family mem- 
. bers, however; oonly ithe MT'^MKPs contain approximately 75* 
: . 100 amino acidt extensions at :their C-termihi / each of 

which includes hydrophobic stretch cons i£>tent with the 
20 presence of a trafismembrane (TM) doiaain. Thus, in contra- 
distinction v toe all mother HMrs, the HT-MHPs arei expressed 
as membrane-associated ectoenzymes rather than soluble 
.proteins (Pei fc Reiss,. 1996) . ^ : 

2J5 A comprehenr iye re:;; i^w . of :thc I«MP-~f amily laembQrs , their 
j -.i vvactiveticr ^ is^odes^oaf -act ion, their inhibition by various 
7 :A , natuiral proteins - (endog^nou^; inhibitors) and synthetic 
compounds as well as details of the involvement of MMP 
family members in various pathological conditions and di- 
3Pm seases is given by Woessner {19S1) ; ;Krane (19&4) ; Birken- 
. dal:-Hansen e.t^ cil . (1993) ; (ind Birkendal-Hansen (1995), 
t^ie whole disqlosure^; of which are incorporated herein by 
reference,. In the^ scope of ^he prasent invention the term 
r V r \itatrix metal (MMP) refers to alJ: discovered 

35^ c.MMPs.. ^ 
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The gelatinase A or \72: kDa: MMP^2 /and gelatinase B or 92 
kDa MMPr9 were originally described as type IV collage- 
nases because they, appeared to be essential enzymes for 
the degradation of the; basement: membrane^ (Tryggvason et 
5 al o^ 1987) . CiBlls need ttr;*raverse^ the endbth^ base- 
ment membrane during entry ^ to andrex-it; from the circula- 
tion. This is also a critical key step in the metastatic 
.cascade tvunor cells have ±oi accomplish before' they can 
metastasize to distant organs-. MMP> 2 and-'^MMP-9 may also 
10; have a function in other/ steps, of 'the* metastatic cascade 
v; ? such as in angiogenesis i^Hanahan! & FdlkMan, 1996; Volpert 
_ et: al.., 1996:) , and loGaivItjmorJ invasibn r(St.e^ 
^' et, al 199^) r : .'v^^b^^^oE . i.:* ^'^'•^a 7£;.^rv 

as- , Because S4MPS are potential targets for' therej>e^ inter- 
vention, much work has'beeivifocused pn the 'design of 
synthetic metalloproteinaij^Nlnhibitors. Many MMP-inhibi- 
. v ^ ting compounds; containing reactive zin'c-chela?ting groups 
. such^ as thiol, hydrox€uaate, EDTA', phdsphonamixlate , phosp- 
20 hinate etc.- have been .develd|>ed : (Beckett al., 1996). 
; i Some: of . .the peptidbmimetics haviS show^ effects 
cin: animal 1 models! of/ metastasis^ arthritis, and other in- 
flammatory diseases. Tumoi^'cel^l> invasion cari %lso be in- 
hibited by the native MMP inhibitors TIMP-1 (tissue inhi- 
25^- .bitor of metalloproteinase^::and iTIMP^2:: be 
5 r inhibited by peptides l bas:ed "on -l^e highly cohserved pro- 
g: :. domainvregion of MMPsithat is ii]^ latency of 

' : MMPs (Park et al., 1991; Melchioi^i r^t ^ali , 1992; Fotouhi 
: -et alJ.y 1.994 )u In addition, tetracyclines and' their non- 
3feP: 1 or.anttimicrobial chemicaiay^modif led ( GHT) * as well as anth- 
U'',r:iacycline derivatives chave beenv found to inhibit MMPs 
i(Golub et'al., 199271 Sprsa Pet ai^; 1994^7 . - 

■ r Although the -^above discussion shows "^that some inhibitors 
35 for MMPs do exist and hav been -ihv^stigatedV tha tests 

are still mostly at the exp rimentation stage and no cli- 
nically acceptable inhibitor for MMPs exists as a thera- 
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peutic or prophyiactiic d?rug for any of the pathological 
states and diseases potentially connected with MMPs. Ad- 
verse side effects which have been detected in the above 

oidescribedt MMP ■ inhibitors" include, for instaiice, toxi- 
5 y cities (syntiietic : peptides) , antimicrobial activities 

^v(:tetrai?yclines)4» etcy:;J;; - 

.'/^ An. alternative to= ra:-ic:.a*i molecular design is to screen 
libraries of randomv^peptides or other chemicals to find 
10 . lead jcpmpounds binding, ta^ In particu- 

: ' :lar/i;peptidei libT^ari^^^ on the surf ace of bacte- 

ri.opJ?:^gei have/often^.tyielded^ valuable binding peptides to 
target proteins. However, it has been more difficult to 
isolate inhibitors to proteinases from libraries of short 
15 f peptides, po3sii>?vy; because, short peptides afe^ easily deg- 
: ^raded.rby .„proteinaf=^ej^v Phage-displayed peptide libraries 
\ / ha^'^e rather beeii utirlized/ tcv obtain information of the 
: veqiiences V cleaved; by a proteinase (Matthews & Wells, 
, .1993 ;, Sjpith et al^ , ^1955) . -Inhibitors to proteinases have 
20 been developed ;with .phage: surf ace expression and selecti- 
on 0;f. large' -proteinase inhibitor domaiiiis in which certain 
f active §ite residues iiave been .randomized -(Roberts et 
.al.,, 1992; vOennlsrefe :al., 1995) . 

25; The . presents ,i^ives:itor^^ suceesfully isolated novel 

: Peptide i^ to" MMP-9 and MMP- 

. 2, tusing phagc-displayed libraries of peptid(is that were 
. cpnfpiTaationally restrained by designed disulfide bonds. 
> ^he mont active MME inhibitors developed are capable of 
?0 j inhibiting iijT vijtro migration of endothelial cells as 
well as invasion ipf txmor ceils, thus being potential 
lead compounds rtoi design peptidomimetics to block MMPs. 
The peptides can also be used in column chromatographic 
matrices fcrvbiochjS*?ica:^^ and piiiif ication pro- 

3f , cedures .of MKPs,..v^- . h.c y ?: J'i^' • 
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It is therefore :an objectjof the present invention to 
^provide novel matrix metalloproteinase inhibitors and 
binding- ligands :based-pn the cyclic .structure (disulfide 
bond between cysteines), of -the -.peptide motif : 

^J*.*: : : . *:...* \\ r-r;^.!/* J: *: .-r *^ . : s- 

^r^.which corresponds -to .tfeei sequence, shewn ^in SEQ ID No. 1 
-Of the sequence listing,.and^whereinX. -is *any /amino acid 
1D^;^ oresidxie. r:..- ^ • .?^:* (ra ' - /-J^c^.-ifr .'/^ •r-.'- 

i ;/ as another. .cbject£Ofoth^^.pi!^sent invent 16^ to provide 
npyel matrix :metallopr©t0inas&:. inhibitors arid down-regu- 
' ^ lators : based ; on the- :cyclie^structure: of the -^peptide mo- 

15 .,:tifs.:,, . , .rc-liprr-. ^ : : ^v-Jc., .v ; 

-fc. ;^CRRHWGFBBC ^a.*/.- 

which corresi)on4s to jthSi. sequence shown in ^ SEQ ID No. 2, 
and 

2 0 1 u ^ - i r . CTTHWGETLC ^ , , i ^ ; z : ' 

which corresponds tc^^the sequence shoi.^ SEQ ID No. 3. 

The present invention also relates to a pharmaceutical 
25 compositipr. cnmprxsing :.n -zLaduntrbf the novel matrix me- 
talloprotRinttP.e inh-?.bit'>jr.(s) /down-a?egulCitor(s) effective 

V .vfeq reduce the act ivit.> e.^^ activations v -^ functions, and/or 
o expressions of one or- wore MMPs^ especially of MMP-2 

r-r.and/pr; MKP-9i, and a :.r>ha:rjaaceutic4ily and biochemically 
^acceKtabXe- carrier. Pheundaceutdcal compositions comp- 
s rising novel, MMP in'iibi /.or (s| /downregulator (s) according 
c,,- tc -the invention mav. Vte us(»d systemically>' iocally and/or 
-..topically. They also inr/lude^ all potential combinations 

V ^ t( combo-medications ) w^^V^^ other? MMP^ inhibitors, other 
35 drugs and tumor-homixuj ciiemi^jals/ab 
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The present inventio?i also includes the use of the novel 
Motrix metal loprotelnasG inhibitors for the manufacture 
of .pharmaceutical preparations for the treatment of mat- 
rix: metallcprotefnase dependent conditions', and also 
5 their use, for example as affinity ligands, in biochemi- 
cal purification and 'isolatioii procedures of MMPs. The 
MMP-dependent conditions include, but are not limited to. 
Wounds i. , burns, fr'atr*-.ur'i^^^ ulcers,- cancer and 

m*r.tast.asis progrest iuncin connective tissues and bone, 
10 periodontitis, gingivitis, peri-implantitis; cystk, root 
canal treatment, internal and external root canal resorp- 
tlorr^ : caries > Ain,Sv^^^^^ ulceiaticii, gic^stric ulcerati- 

on^.,, r ftc^ev^ K:rc^iiP.c.v- acn:^/^^ p^ loosening of the end- 

ossec 1 hip-prostlios is ; osteomyelitiD , osteoporosis , t is- 
15 sue remodeling, angiogenesis, arthritides ^ (rheumatoid, 
reactive and osteo dirUiritides) , angiogenesis, lung di- 
seases (bronchiectasis and chronic obstructive pulmonary 
diseases and riili^r liiiig dise 

20 The present invention also relates to a process for the 

preparation of novel matrix metal loproteinases which pro- 
cess 'comprises ste:ndaj:d sciid-phase Merrifieid peptide 
synthesis. 

25 The novGil CXXr::!*GF:r'C stx!^clurc the invention 

;does :ROt,jS^oi;j sim to previous^ly described MMP in- 

hibitors,: a Ittrou^h the activities of CT'JlfWGFlLC resemble 
tJiei properties Oi': chemically modified tetraicyclines 
• : {(^ belov'^ The peptides comp- 

3C rising t"J7.a liovci' structvure were deri\'ed- from 'the single 
. cyst^ineT^j5ir p.Bs:lng CX9 library and exhibited a HWGF con- 
sensus saq^^ence. All contained a second cysteine showing 
.: a cyclic : structure CXXHWGFXXC. Phage attachment experi- 
. r ; ments i:r.diccr,ted , that the cloiied phages, bound to MMP-9 
35 with: considerable affinity. ^ : V 
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The cyclic-^peptides -according .to the invention inhibited 
degradation of- gelatin and casein substrates^ by MMP-2 and 
MMP-9 with IC50 -Of 5-10 Aig/ml.-Of a series of ' peptides 
synthesized, the KWGF-contairiing peptide^ CRiUIWGFEFC and 

5 CTTHWGFTLC were • f oimd ' to "bei -^dst-^pf omisihg as inhibitors 
of MMP-9 • The^e two HwdP-cont&ihing-^* peptides ^^Iso inhi- 
bited MMP-2. The fact that the peptides were^ selected on 
MMP-9 but can strongly inhibit also MMP-2 indicates that 
■ ' ^the peptides recognise 'a' binding 'site' bet- 

LOiT ^ ^ween MMP-9 and MMP-2 • - ' ^ • "^ '^ - 

The inost ^activ^ HWGF-eontaiMn^' pe^ 
^ (GTTHWGFTLC)-^ inhibited eeli"M^a€l6n" studie^^ normal 
serumT-cbhtaining mediaf ^^SM blbclcfed thfe-mi<jra^ of hu- 
15 mart eiclfdotheri^^^ cells- as ^Air^li^ a^^ fib- 
rbsarcoBa^ and C8161 melan^a^ '^ells th^-ough - ireconstitu- 
' ted basement membran4?- The^fe- f indings both 
" cahcer cells and eadothelial 'cetis may use quite a simi- 
• ' iar MMP-depehdeht meehanisift to migrate that is sensitive 
20 to the "dbwri-i-egulatin'g^ effect of CTTHtfeFTLC. - The high 

' activity of CTTHWGFTLC- l^a^t partially be due to 

the fact that the- pejitide -yah hot only inhfbit an active 
^ enzyme but can ihterlCere?^' with the of pxiri- 

fied proMMP'-9- a^ proi6BP-2 - as is ^^^^ using 
23 gelatin and casein substirsftas/' The' jie'titid^^^'an also down- 
' ^regulate the pifbauctiW-6t- to the pha- 

-ge binding 'iiata in whicb-^^e ^eife unalJl^ tb*^see any phage 
- binding to proiSHP^S,' the ' s^tlfetid^ peptide 
does bind to proMMP-9 as indix:ated by" single-step isola- 
30 tion of proMMP-9 from hvunan leukocyte buffy coats using 
' "''^affinity chromatography" With th^'pejiticie -doupled to 

' - Sepharos^. On 'the wholV, it is' possible that by binding 
i: . 1 r^o proMMPs the peptide can hinder the true proteolytic 
- ? V r eactivation by other -i>roteinaa4s^^ t^ acti- 
35 • Vatidn mechanism duf iri^ c^il! 'inva^ ' 
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The corresponding lo.near ;:peptides were virtually inactive 
as. demonstrated by a loss of act iyi.ty after reduction and 
: jalkylation of the cysteines. Especially preferred MMP in- 
w*J:i>itcrs accprdin^^ inyenticn are thus the 

; 5 ] cyclic peDtide inhil?^it GTTHWGFTLC an^ CRRHWGFEFC, 

whiph int^ibit the^^ of MMP-t2 and MMP-9 as shown 

. .... J,, below. , , > y . .. . . 

; stated above, th^^^^^^ peptide inhibitors we 

10 have developed are useful lead coiapounds; to design pepti- 
domimetics to block MMPs and cell migration. The 
, CXXHWGFXXC Kot utilised to deyalop more 

. selective . inM individual members; of the MMP fa- 

mily>,^as MMP-2 an^ ^j-9 wer:e differently inhibited by 
15^ ^ th^ two;- CXXHWGFXXC .T^pjr.i ipore i strongly in- 

: ^ . vc,Albite<J by- CTTIWGFTLCr.w^^ was. preferentially in- 

. .. :;hibited by CI®HWGFEFCv Sel^^^ directed e.g. 

. J :to MMP-r2..mightr be HprOr efficient inr ^ tumor dis- 

semination, in; m metasta- 
:20 . ticypptentiai of tumor ceJls.rathe^. cq^^^ with MMP-2 

- .actiyity rather, than with MMP* 9 r activity;. Finally the 
. small size 9f the MMP-tarfjp.ting. eye peptides can be 
.utilized, io carry Phage-library derived 
peptides targeting re^^^ Y^^o^l^^ure have 

^ 25 J, been,,fpundi to. be .usefn?- cytotoxic, drug carriers to ttimors 
,r t n2 Biip^o, MMPs ,art^ pc^:<^^^ che- 
r.v v/.^i ,jnoth^rapv,, fbecausri .^^^ oyerexpressed in tu- 

j EOirs. af5 compare-d^^t^^^ and appear to be in- 

^ .^.^yolved in tb^ ang 

. 20 , ^ . r . J . , , ^ _ V _ ^ 

r ^ Thus, as, a result of , the , invention, MJ?P depe^njdent condi- 
.. t ions, may, nov, be treated .or prevented either with the no- 
vel MMP inhibitors alone or in combination^ with other 
; .djTugs normally -used 4^ /^^^^ with the disease or 

35 disorder ir^.qiiert ion. Tbese include; for exampl tetracyc- 
lines, chemically modified t tracyclines (Golub et al., 
1992), bisphosphonates, as w 11 as homing/ carrier moiecu- 
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les to the sites of - tuiitors such' as integfih-binding pep- 
tides (Arap et al., 1998). The amoiint of novel matrix me- 
talloproteinase inhibitors to' be used in the pharmaceuti- 
. cal:.coinppsitions according to the present invention va- 
5 ries depending?on the specif 16 if^ used, the pa- 

rr, ti en t and disease to ted"4:rea€edSa^^ wcli a^-^^the route of 
. -adiQinistratibn. . '] p^^^i^^ J^" ' ' ■ 

-oThe novel inhibitors of ^the present^ ^invention have 

10 shown jno toxicity wheR^^in^^ctedi into animals and do not 
affect cell n\imber or viability ^ls^ determined by trypan 
blue dye exclusion. 

The pr.esent^ invention 'thu^' also i^elat^S^to a-method for 
15 the therapeutic or prophyAgc-B^c tif eatmeMt "of ^ MMP-depen- 
dent conditions, in ms«afflatlS 5by 'i<Ministerihg^i^^ said mam- 
mal an effective amount of the novel MMP-inhibitor (s) , as 
^ . . well .as to a inethod for irlhi^Bi'ti^ th€i formations, synt- 

i hesis, iGxpressiohs, activations;^^ functidris -arid actions of 
20 ,MMPs in mammals by administering "the ^ riovel^ MMP-ihhibi- 
r :tdr (s) /down-rregulator'{s)i in afi^ aiudunt wliich is effective 
ir^ -blocking the formation, ^actiivst ion and actions of 
MKPs.. * uSE :.J^; :-r'<:': ..'^ 

25 - The "presient invent ioK &ls6Pr61a^e4 €o''iii--miSth6d for inhi- 
: ( . ? biting matrix metalloproteihases iR ir)itr& comprising ad- 
r, j: <ding-to an iia-^ vitro ^ System iioVel^mattix metal lopro- 
. • r, vteinase inhibitor fs) in an aadifrit" Which is effective in 
inhibiting thoiMMP activity. * - - 

30 

,r : Aifus±her object of the iriveRtion- is' a aetSiod for isola- 

ting and purifying liiatrix metal loprbteiha&es" with the aid 
'^^i- ' .Qf the novel- matrix ^ietalloprbteinasc- ih^ 
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^ Brief d scription of tb. figures 

Fig- 1 shows^ the results from the inhibition of MMP-9-me- 
. di cited [, ^^I] -gelatin :;degr:Adat ion using synthetic pepti- 
des*. APMAractivatefi;.!^^ was. preihcubated with the 
.CPJ»?WGFEFC end .CTTlIWGFTLCc.at the concentrations indicated 
for 1 h before adding [^^I]-gelatihg substrate. After ge- 
latinolysis for 1 h, the counts released into medium were 
r : determined i The results ;s^ meahs from duplicate measu- 
10: rements.. Similar vreffviltr were obtai three indepen- 

dent -e3<perimGnts^.\: ^ . ; .\ ■ 

Fig. 2 shows gelatinolysis induced by APMA- activated MMPs 
or their : prof orns , 3 Th^i^^oj.icentrations of the cyclic and 
15 v/Mi'lineer CFT^^GFErc -peptide^. results show 
■r. means from ,dup lie r^tr; :e::pGriments. ' . 

.'B^±fy-.^, '3 shows -inliiM I!MP--2-raedxated casein degrada- 

tion -by .GT ar^dLCRRHWGFEFC (G, : D) . After 1 

2C h pretreatment with the. ^^^^ APMA-activated MMP-2 

(A/-.C^ . or p.'j.oM^ incubated with the casein 

for 2 h..52 //If j3-casGin;ivr.s. used as substrate for MMPs. 
Shown is Coomassie Blue-staining of the 21 JtD j8-casein 
(lane l) and its fragments (lanes 2-9). resolved by SDS- 
25 PAGS .(A, P) ; used at the concentrations of 

: (?) f) * mi:>(.4^^c5pv ^.(5)^:?5/ (6> :lC, -(7) 5, (8) 

11/ V. v r irml^riJ? the>lanec; 2-9, re^t^eatively . (C, 

- >D> ; the^ ccrce^j^s^t^ CRSHV7GFEFC Wf:re 0/ 250, 100, 

50, 25, 10, 1, and CcS f,:g/ml, r-ispectivply. 
30 ; 

Fir^ A shov;S;birrlirg of proT-MP-e to CTTHlCGFTIiC peptide 
coupled to Scpharose. Lye:. t?. of hv man buff y coat cells 
vas applied, to ecqh peE^M^^^^^ and the bound pro- 
teins were analyzed on SDS gels followed by Goomassie 
J 5 Blue staining (lanes 1-2), or immunoblotting witL anti- 
MMP-9 antibodies (lanes 5-6) . Lan s 1 and 5 show proteins 
eluted fr m CTTHWGFTLC-Sepharose. Lanes 2 and 6 show pro- 
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teins eluted from GACLRSGRGGGA-Sepharose. Lane 3 shows 
protein staining of the cell, lysatev. Lane 4 displays the 
molecular weight markers of 200/, 92/ 76; and 55 kDa. 

5: : Fig. 5 shews how CTTKWGEEE£;cinhi1:>its migration of HT1080 
fibrosarcoma cells. GellBi^wertt'.pretreated w CTTHWGFTLC 
at the concentrations indicated or with 500 tig/ml of the 
• ;: unrelated EVGTGSCNLEGV&TNPLSSTEQ control peptide for 2 h. 
ilells were plated on, tnahs\^ri' chambers- and allowed to 
10 ^^ migrate for ,20 h in 10:-:% ,serxim-^-c6ntaining mediim. Cells 
that traversed to the undersurface of the filter were 
stained and the f ilter ar^a iwas rscairined / ^The ^^r^ show 
mean optical density :± :}S;d. rfrom triplicate wells. The 
optical density of blank Tisnswell without -cells was of 
15 0.000. 

Fig. 6 shows comparison oS the Efficacy or the MMP inhi- 
bitors CTTHWGFTLC and CMT-8 to prevent migration of C8161 
melanoma cells. ICells were pretreated with CTTHWGFTLC, 
20; .CMT.-B , or wi^h the E\^GTGSCNLECVSTNPLSGTEQ -control , and 

allowed to migrate 20 h/in .:?ranswell cheoobersi Cells that 
migrated to the vindersurface of the filter were stained 
and scanned. The results ^shcw mean optical density ± S.D. 
from triplicate \ws11g; ^' : A _ : 

25 

A i Fig. 7 shows Inhibit ioii^cj -endothelia?^ cdll- laigration by 
CTTHWGFTLC. Endothjslial icells wei'e -a for 
18 h in the presence of 20 % serum for_HmnEC, or 10 % se- 
. - cvr^OT for Sahy92 line. Shown is rthe 'relative number of 
3D .cells having traversed to the uhdersiurf ace of * Trariswell 
chambers.. The results ^^show means ;±^SD-' from -triplicate 

^ells.^ • ^ - : .'11 r,v^--. - , 21 ^ ' 

Fig. 8 shows inhibition of Matrigel invasion of tumor 
35i , rcells by CTTHWGFTLC. ;C8i61^6r-HT10B0 cells^^^ allowed 
^ a;. c.--to invade through Matrigel^Idr^ 24 h>^ in'^lO^ serxun-^ 
/JoeJ vtaining medium. The 'coricentrations of CTTHWGFTLC and the 
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EVGTGSCNLEC7STNPLSGTEQ control were 500 ^xg/ml. The inva- 
ded cells were, counted, :ahd the relative number of cells 
are expressed as? means +S.D. from triplicate wells. 

: 5 Fig.r 9' shovjs^ tJiicX' breast carcinoma gf dwth is clearly 
l "^:: inhibited by crTIF/?GFTLC peptide. ^ ' " : ^ 

^;Fig. 10 ^'shows; gelejvVin^:: i:^*!^ melanoma cell condi- 

, tioned medixm. CTTfTTTGFTLC' peptide ^^b^ not the control 
10 peptid/Ti irthibits th€::,^^f^^ of active 82 JcD MMP^9. 

Figs. 1W.> ( liB ran^ MB-4r 5 breast carcinoma cells 

..grown if or ;2: days :iin 10 .% serum in the absence or presence 
;cf CTTHWGFTLC peptide. . . r . ~ \ r 

15 • s • • , 

Fig. 12 shows the effect of CTTHWGFTLC (P291) on kera- 
. t tinocyte .gel^tinase production and expression. 

Fig. 13 shows the effect of CTTHWGFTLC (P291) on kera- 
:20 tinocytfc laigratior . The .photograph of the plates is taken 
aftQr\.4: days of migration. 

The following examples ^il?.ustrate tlie invention without, 
however, limiting it in any my. „ 
25 ■ 

; ^ E:8:anple %^ Prep^iratiQ^ of phage display libraries and se- 
lect ion p€,MMP^9^bJ^^^ » 

\::^ , r;The sinc^^7,€i:-cysteine-a:^pressing;;cX9 library was prepared 
ao ;accordiiig^ tp-the methods described previously (Koivunen 
. et aI.,_.19S4a; Koivunen et al. , 1994b; and' Koivunen et 
al., 1995, which are all incorporated herein by referen- 
ce) . 

,35., ..ProMMP-9 was; purif ied.; Cio^ htman neutrophils .and activa- 
. . :v ; - ted with ciminophe^^yl/rnqrcuric acetate (APMA) : ess ntially 
i ar. described by.Hibb^ et.al. (19E5). For the s lection of 
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MMPr9 binding phage, APMA-ractivated.MMP-9 was coated on 
laicrotit r wells overnight .at 4 using a concentration 
of 1 fig/ml f after which the cells were satvirated with 5 % 
bovine serum albumin. In the first panning, the library 

' 5 was incubated overnight-:at''4 • ?C>ih 50 Tris-HCl / 0.1 M 
NaCl^buffer (pH 7.5)^ (TBS) ocotttaining 1 *&vihe serxm 
albimin, and after extfeasive^ washing the^^4>6\xiid^ phage were 
- eluted with low pH; buffei^^ -Sn the subsequent ^p^ 

the amplified phage .J^^if^Ziii^ at 22 

10 **C. Randomly selected clones were amplified overnight and 
, , sequenced as described^i^sriKGivunen efr al^J (1994b). The 

; binding^ of reach doner to tllS MStP^-S waeTi^Verif ifed by at- 
%. ; taehment assay, J in which Sfix^ cl^ed phaige w^re^ incubated 

;^ for eo.imin in MMPjrpoated or In blank- m^^^ wells. 

15 : The:. Wi5XlS':were washed^ fiV3 feimesi vith TBS cOfttainih^ 0.5 
% Tween 20.- The. boiihd/ phage were quant Stated' by adding 50 
ng peri well of ;ant±^JH3LaAtil5ody (Pharmadia, Uppsala, 

: r. Sweden) labeled with an Europi^am^bllfelate (Wallac Ltd., 
\. Turkur, Finland) .^ After incubation for* 45 mxn. followed by 

20 washing, the fluorescence was measured With 1230 Arcus 
fluorometer (Wallac Ltd., Turku, Finland). 

- Three MMP-9 binding sequences; CRRHWGFEFC, CITHWGFTLC and 
CSnH;jGFWWC , were, derived from the 'CXJ library All three 
25 contained a second cysteine 6h^wa:]i^ fi'^ byclic structure 

GXXHWGFXXC. In sp£te off- s&nrer a 1 attempts, ^wb^ could isola- 
• ^ ? : te only three HWGFrrbcataining phage ^ a^^ of 
:rM ; .the .dominance ofc the LRSGRG motif • i?i" the seTecced clones. 

^ ij^rWe therefore constiructed a peptideNf^±brsftry,=^ Where random 
30 n tetrapeptides (and thus also HW6F)^vere flanked on both 
sides by cysteine residues, which- tjOuld-meOce* several di- 
sulfide bridges and thereby constrict the peptide confor- 
mat ipn.:; This CX3C5C4CX2C ??librar^ expressed three' different 
t ; \ peptide ring sizes with twd;' tbgree and^ t oar -random resi- 
35i'- duesi On panning with H^-97 taiis -li^^ the 
, f r j iWGFvi YGFr and FGF motif sT; whi^ ar^r siuTidar^ to the HWGF 
o-.q -consensus-.: except tSvswt histidin ^^as net conserved. 
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Example 2 . SynthesizatiQri of peptides and determination 
. of their MMP inhibitor activity . by enzyme inhibition as- 

5 : We. synthes^ized cyclic:»'peptides corresponding to those 

phage laotifs of Ei:a5Pplc?: i showed the highest avidity 

:; ;r f or MMI?-9> and deteraiiru tJie metalloprotei^^ inhibitor 
; activity, of the . syri.he/tii^^^^ gelatin and ca- 

sein degradation c '^fr^ . 

10 ■ ^ ..r ^^^■J.r':^ j .... * ..r: ' ■ 

Peptides ^ were, synthesi: on. an. Applied Biosystems model 
.4 3 3A (Foster City, CA): v.r.ing Fmoc-^cheinistry and cyclized 
in 5 % :acetic :: ciiQic! fc: €v Of containing 20 % dimethyl sul- 
foxide pyerniglit at rciom^o temperature '^'ith^ constant mi- 
15 ^ i xingo After dilutibu r with 0.1 % trillaoro acetic 

acidv peptides wiere purifiec? with reverse-phase HPLC. The 
c ; <^tructurGS of the p(*p'v ides welre; confirmed by mass spect- 
rometry. Peptides?:. were stored in a stock solution of 100 
: mg/ml in K-fl,. c^nc. were diluted to buffers v/ith neutral pH 
20 f Just^ bef pre> use.. . ' 

For the gelatin and casein degradation assays, purified 
MMP-2 -arid ifMP-9 (50-100; ng) yfrtrj^ first incubated for 60 
min wi.th various concen'-raticns: of the 4>eptide inhibi- 
25 tors> after '<:hich ?i 21 )iDa i9-car>ein (52 /iM) or [^^1] -ge- 
latin substrate w^ip: ar^iec^v. Arfrer incubation for 2 h at 22 
r r ^'C'K degradatipn of r.the. ca;^ amvlyzed - by SDS gel 

eleqtrcphorf>3is,.- The degradation of J -gelatin was 
determin<?d by counting radioactivity in the supernatant 
30 , aft3r precipitation of undegradud goiatin.with 20 
tri chlor oacetic acid . - ^ ^ . ^\ ; ' " 

, Of a series- ,cf peptides synthesized, the HWGF motif-con- 
; v taini^ and CTTHWGFTLC wrire found to 
35 : . te J.ost promising^ inliii>:.tcr& ;of MMP-9 J In the [*^Ij -gela- 
^ vtin degra(l3tio:i as.nai" r CRRF:?GFEFC was this morie active of 
the two peptides- and t inlixb It od iiPHA-activafced-MMP-9 with 
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^ a half -maximal inhibited 'value ' (IC^^^ of about 10 fMg/ml 

(Fig. 1). ■ " -:^c.iv.- c: i . , r: • ri.'' 

The HWGF-containing peptides also ihliibited the gela- 
5 tinolytic activity mediated by proMMP-9 that autoactiva- 
: tes d\iring inciibatior: WitH^^^ela^^ Figi- • 2 shdws that 
more than 50 % inhibition of proMRP-S- adtiviiby was obtai- 
ned with the CRRHWGFEFC peptide at a concentration of 10 
^/ig/nil»-To assess the importance of th^' disulfide bond for 
10 " th^ activity of the G2Sffi^EFG-pe|>tide;- we preipared a 
: ^ linearized version of "^h^^eiptide by te^ alkyla- 
ting the cysteine residues as described by Koivunen et 
al. (1993yV Linfeariza^ii:^g^r?tMe^pep^ in a 

' i loss of 'inhibitory actii/itf^^agSinst^^^p^^ well as 

15- the APMA-activ^ted erizyafe^(PigV 2)^ : 

proMMP-^2 "'was-ptiriiied'^from 6e±ijia-free* culture medixim of 
Human -gingival fitorbblaits.^ VThe two HWGF-<boritaining pep- 
tides CMfflWGFEtC' and ^C^^ inhibiteci MMP-2^ and 
20 at a Gbhcentratibn of 10 Mg/mt the cyclic' CRRHWGFEFC pep- 
-^itide blocked gelatiniBlysisr b^ both prbMftP^2 -aiid APMA-ac- 
tivatetf MMP-2 (Fig. 20'.-Th§ linear -pisp tide used as a 
- control "tflfas virt:ually^ inactive ; ^ ' ' ' 

25 We also used /S-caseirt^as a^substrate ^br-^tfee*gelatinases 
' and analyzed the degrkda^idh-j^rbduits^^ elect- 

- - ^-^rophoresis. The tW HWteF-ednt&inl:hg ^pfetsftiS^^^^ 

r^^preventcd the degradation of cksfeiifby the Mlti^s. For MMP- 
' -^2f the GTTHWGFTLC and CRRHWGFEFd pejptldfek' ha^^IC^ values 
30 ^ x>f about 5 tig /ml aiid i25 /ig/ml, resp^ctiVefly ' (^Figs\^ and 
• ' ''3C> ; ' prdMMP-2 ribt pre^c€ivated with APMA al^6' caused ca- 
sein degradation, and this was blocked by the' peptides at 
the same ICjo of 5 iig/ml and 25 ng/ml, respectively (Figs. 
' ^3fii and 3Df : Caseihblysls by riMP'-9 was ^iiilaray inhibited 
SS^ c by- the peptides at ibV'¥iero&6iaif '^c^^ Except 

— - ^^at CRRHWGF ir&ibitor for 
vno;: this MMP than-CTTHWGFriib^^ Mg/ml) 
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did not inhibit ineirbrar'^-:tyi>e matrix m.etalloproteinase-l 
(MTl-MMP) , providing evid nee for the importance of gela- 
tinases (MMP-9 and -2) in tumor invastion and basement 
membrane dentructicrv v j . :^ 

Example 3. Ex1:rac;tior^;;c f prpMMP-9 by peptide .affinity 
, chroma tograp?:.Y. . . ; 



To deinonstrate that^the synthetie^ peptides selected from 
10 . the phage libraries j-fsc^^^^^^ we performed affini- 

ty chroma tocraj^hy-v^-^.th^j^^^ peptidGS coupled to Sepharose. 

^ Af f inity ^chrom??>tpgI^ ^^^sesin of . GTTHWGFTLC was prepared 
by . co\^pling 2 mg peptide; pr.rv l-m Sep- 
15 harose according^ tc the, rir?,structior:s of , the manufacturer 
(Pharmacia, Uppsala, Sweden) . Human buffy coat cells ob- 
, : , . tained, f rom Finnish Red -Cros mM TBS 

containing 1^% pctyl ^giucosidej anc^ 20 ml of the cleared 
extract v/as applied to- each, peptide vSeph The co- 

20 ,liMms. were , washed until the 0.01. TLe 

, bound,- proteins were el\?.ted with 0. 1 W -gJ.ycine-HCl buffer, 
pH 2 .2, in the . presence of 1 %i octyl . glucoside. The pH 
was then neutralized with 1 M Tris bare. Twenty fil of the 
fractions were analyzed by SDS gel electrophoresis on 8 % 
25 . aery 1 amide ^ gels^ under reducing conditions > .Proteins were 
; stc ined. w^^^ For irorunoblot analysis, 

- : nitrocellulose f ilters were with polyclonal 

MKP--9 antibodije^ at .a 1:500. dilution f:or, 3, ;h followed by 
. s^icondar;^ antirabbit antibodies at a -1:1C0G dilution for 
30,, another 1 h. JThe enhanced chemilumine seiner, systeri 

(Amersham, Bnckinghauashire, England) T;as used for visu- 
...alization. , . r 

^ , . Extracts from, Ijaakocytes, were applied to Sc^pharose co- 
35 ^ ,l^amns coupled with CTT^t;.WGFTLC and therprpteins boiind w re 

. ; <*nalyzed by .SDS go?., e^.octrophores and immuncblotting 
^ with anti--MMP-9 Mtibodif.s^. The peptide co2.\;mn bound a 
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- set of polypeptides : one of which was the 92 kDa proMMP-9 
(Fig. 4). ProMMP.-9 bdtmd to the CTTHWCFPLC * Sepharose mig- 
rated on SDS gels as- a doublet .at '92' kD^' ( lane 1), both 

: forms of which were immmnbreactive with anti-MMP-9 anti- 
5 bodies (lane 6) . A simil^i^ doi&let can be^ observed in 
/.v:MM*-9 dmmunoblots of^G\iltiiife %ediuid condition^ by seve- 
. !T ral tumor cell lines ^ ( data riot shewn peptide Sepha- 

j i ; rose also bound a set polypeptides migrating at 55-65 
kDa/ the identity of which ^rd not known and were not 
10 V studied further. ' icjr^: J> i'- d ^> s ^. 

Example 4. -Inliibit ion ol-ceil migration by 6TTHWGFTLC 

. To test the ef f ectiveriess' of ^tKe novel HWGF-containing 
15 MMP inhibitors on cellular migrate we chose to use the 
CTTHWGFTLC peptide because of its better - solubility . 

. The endothelial cell ' line- Hin ac (human umbilical vein 

^endothelial cells/ obtained iron the ATCC, ^^Rockville, MD) 
20 :iwa& grown in RPMI- 1640 nediim-containing penicillin (100 
units/ml) ; streptcmyGih (ie»''Mg/ml) ; 10 HEPES, 30 
^g/mi:endothelic:l cell growth ^sup{>lemeht (Biomedical 
^Technologies , Stoilghton/'lIA) , elnti 20 '% fetal calf serum. 
The ET1G80 fibrcsarcoma cells (ATCC^ Roekvilie^ MD) ^ 
25 C8 161. melanoma cells' and- Elih]j^926--C&lls td€S^ 
: ^ auV3C) itrere cultured in Duibecco's* modified Eaglet's me- 
"dium--concai:iiiig tl.o iiitibibtics Salf serxim^ 

- aiid' hy|k)xanthine/aml:noptc^ addiciVe with the 
. Eahy926 cell?. Cultures of celli were harves*i:ed with 

'30- crypsin-EDTA (endothelxul cells) 'or^^EDTA^'^lohe (orher 
r\-. : cells) / Washed, and resuspended in the* full senun-con- 
: taining media as ii>.dicUted above, - ^ v - 

r.^:^ ^ ...^ ■ . . v--., 

: ' Random cell migration -was studied' using S i 0 pore size 

33v and 6; 5 mm diameter -Tr«uswcll lnaerts^^ ( Caiabridge, 

^ MA) that were equilibratei' in Uie seinim^cbh m dium 

for 2 h before use. Tumor cell invasion was studied using 
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6.4 Tm diaiReter Boyden ohambers precpatied with Matrigel 
(Becton Dickinson/ Bedford, . MA) , and, equilibrated in the 
seruiiL-containing mediuia. 750 of the serum containing 
Hsedia were .added to .th<^ ; lower compartments ^ of the migra- 
5 / jtion apparatuEv rFor rc-ndoiTt migration assays, cells were 
; -preincubated :f pr^r2 vh AB cthe presence of the peptides at 
. -^he concentration indicat;ed,^.a^ 20 000 cells in a volume 
: . v of -.100 /jtl vrere -plated ir a: Transwell. For Matrigel in- 
^ yasion,r<2a^^ with 100 000 cells in a 500 

10 Ml volume with or without the peptides. After culturing 
cells for 16-20 h, cells were fixed in methanol, washed, 
and stained in :toluideHe blue.;. Cells were removed from 
the upper surface of the membrane with a cotton swab, and 
the cplls . migrated of the membrane were 
15 counted microsccpicaMy, or alternatively quant itated by 
j scanning..-/. ; .^ v.-. ■'..'■ -■'■>: ■ 

-The CTTHWCFTLC peptide was capaWe of blocking migration 
9f a variety of cell l::n€£r studied in the presence of 10 
20 or 20 % serum.. In the Transwell random migration assay, 

th'^ :n;eptide inhlbi^.M concentrtition-depi;ndt.ntly the moti- 
lity of HTlOSp fibrosarcpmc cells (Fig. 5). A^. the con- 
centraticnsi o:^. 500 and lOQ iig/ul, the peptide^, inhibited 
by BO and 40 ro.soactivelyo Per the purpose of control, 
25 ^ we-synthesir.ed;:a ncr^^ could not use 

because of . its lapk of spl^ubility in aqueous buffers. 
Wf» therefore us^.d: three unrej^ated highly soluible peptides 
EVGTqSQNLSCy STNPL , CQ>mNDNPLFKK\EEe\'MN?KFAES , and 

R^VI^WRC. Nonf of these control peptides . affected cell 
30 migration rat a concentration of SOOv/ig/mli (Fig. 5, and 
data ^*ot shovm) . CTTHWGFTLC was not found: to. block cell 
surface integr ins as the peptide d:ld not prevtsnt initial 
attachment and spreading of cells on fibronectin, colla- 
g:f n ly, or Matrigel; sub.stjratci . No significant decrease in 
?5 : ceXl viability was nqte;^ <if ter one or two-day culiiore of 
, . cells in the presencqt , o*: . the peptide (data n:)t shown). 
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CTTHWGFTLC similarly inhibited random migration of C8161 
melanoma cells, maximallytby 80"% at the concentration of 
500 /xg/ml (Fig. 6) . The three control peptides did not 
^affect cell migration; i^r .- v a ^ ^ 1: 

, We, also studied, the . efffijetLof jC5THW random 
migration of endothaiialTcelld/ in taife; Transwell assay 
:(-Fig, 7), At-a, eoncentsationribf 200' /ig/mlV -"tihe peptide 
i r showed 85 and 60 . % iBhibi1d.on:of migration of Eahy 926 
10 rand HUVEC cells,- res|jeeti!^QlV# rahd^^ still capable to 
partially inljibi'fit^.at a:cor£»htration^6^ p<j/ml. The 
RAVRALWRC peptide did .n^lS oail- block cell' migration. 

Finally, we, examined the-ofeq^dty :oT CTTHWCFSJiG to prevent 
15 -Matrigel invastlon <if HTia3^..and :G8161 ci^aisv^ in both 

cell lines, the peptide strongly suppressed invasion, and 
: the iahibitiont- wa« maxisraily^90<^% ' at 500- the 
; highest concentration*: stv^Sied <Fi^. ?8) * None^of the three 

■:•} control peptides af f ectedr Satrigel invasion. ^ ' 
20/ - ■ \z ■ :. ' '"s.yvo'//:^ ' r -\r^'' \. 

.Bxan^le 5 • i Suppr e£.£±£m: of . growth^ of h^im'ah *r4ast car- 
cinoma xenografts In athymici Mce by locally applied 
: " r CTTHWGFTLC ,z / r ^ ^ ^ - 

25 Mice :be2uringx htman breast^carcihomas W^re developed by 
.-inoculating i x 10*^-:MDA^B'^i43^5 r^^ell^^' in t^ 
pad. After 4 weeks the volumes of the tumors were calcu- 
^ i lated V by r measurin^V^'ie' diameters - 4n the- threW^ dimensions . 
The mice were divided in two groups each consisting of 
30/ ti^five animalsr. Onie '^oup was treated- with^ "200- jfig 61!' 
Ir : CTTHWGFTLC, in a 2^00 ^il volume ad§riniste^d three times a 
'xK. week adjacent to the ttimoi^ "The- sec^iS^ group was given 
, the .cyclic peptide., control CVWISIA'C. -T&fe 'tt£sior volumes 
. were j^&asured wBG&ly ; the results: ate ^if ter*" t*iree-week 
a5 7r;> : tr atm^nt ^ith the p ptSfde <yig; '^j l 'The^ rfefstiits ^how 
r - /-:>that Cl'i^GFTLC: p^ptidfe ttlBs^rly"^^^ carcinoma 
riiJIn- -^growth. , , : rc'v'^. - aX:-50 -m .(bI^'c.: 
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ExMple .6. Deactivatioivnf proMMP-9 by CTTHWGFTLC as de- 
tected by gelatin zionography 

C8161 melanoma cells were ;cultivated for 48 h in 24-well 
5 plates in medium containing 10 % serum. The CTTHWGFTLC 

^ pep.tide,:wa£ incviuaed:^a'.; the concentra indicated in 

/Fig* IP (!:oo -r.lO f^g/ibd)^^:.id ttiB control peptide RAV- 
^ Pv?J^WRC at 500: /ig/iEl . .:TI. vc^^ medium was analyzed 

by SOSr cjel electrophort>6i;.;, followed^ gelatin zymo- 
10 ^ graphy . CTTH^'GFTLC; i( ::ro.^.: £id concentration-dependently 

the iavi^ls of r:7:, kD? active MliP^9> but did hot affect the 
, , : : ■: If yels^of .72-lcDa'.i>roMMDrr2 . . v 

. E> ::ap?;.» 7e !rimv:irr:r ji ideri^ induction bf rounded cell morp- 
15 holo':^' and detcc^men:*. of \>ie cells from the £;ubstratum 

1^-435 breast ca:cciiiOT^.cij colls , t^^^ 48 h in 

10 % seruB-containif v medium isi the absence or presence 
of ,the CTT^HWGFTLC pv^ptivle, after which cells were analy- 
zed by light microscope. Unrelated synthetic peptides 
sfcudied eit iihe; ^^^le concb i ^ no. effect on the 

: , norphojlp^jy .of call ; iayerii . c RouMed ceil morphology is 
detectable within 16-24 h after applying CTTHKGFTLC but 
is not evident in short-time culture (Figs llA to IIC) ; 
25 the peptide had no. of feet, on the initial attachment of 
cr.!lr : cn the aubstr.c tiun dirr 1 or 2 h. time scale, 

^ j : Bs:nmp,\© E:::f 3Ct of CTTHr:*^FTLC on. cell ^viability 

30. To assesjs. thp. effect, of CTTrlWCF^LC on ceil viability, 100 
000 cellrs. Tya:-^. platei in:24-W3ll plates in 1 ml of medium 
containing 10 % f jstal ,ca.\f . fserum and, 500 /ig/ml of 
CKTHWGFTXC or an unrelated: control: peptide. After cultu- 
ring for 20, or 40 h, the via? iJ.ity wati ..^terTnined by 
: ,^t^A'-^i?^9 with trypan.jbluei v or with *::he ITTT reaigenc accor- 
ding t-o t^va instairtioms or the manuL-utureL ;Sig^ St. 
Louis). For cell adhesion studies, microtiter; wells were 
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coatedrwith f ibronect in- {Finnic Red Cross) , type IV col- 
_ lagen (Sigma) or Matrig 1;;. and blocked with BSA. Cells 
(100 000 cells per well) were incubated together with 500 

- Mg/ml of CTTHWGFTLC or fei^control peptide in a servun-free 
5 medium for 1 hi;. After i washing tWice with PBiS; the 'bound 

cells were stained an^ cotihted : ^ ■ : ' - 

The peptide was not found to affect ceil nximber or viabi- 
lity by trypan blue dye exclusion, and has shown no to- 
10 xicityr when injected into animals. The pe^tidib did not 

prevent initial attachment of cells on Matrigiel, collagen 
or fibronectin. 

Example 9. Effect of GTTHTJGFTLC-on keratinbcyte gelatina- 
.15 ,se production and expressiori' - 

30 000 Hc.Cat cells " (spoTitanebuifely tfdns 
genie hiaman keratinocytfe' ceii lihe, Ryle et al . , 1989) 
, were :seeded into 'the wells bf 96-Weii plates" (Nunclon^ 
.20 - Denmark) .in 50 /il of KOH and allbwed^to attach for 24 h 
■ /in humidified atmosphere at 37^»C.^'Then the cislls were 
expofted to KGM or KGM -cohtaining 50-500- ^i^/ml of 
. rCTTHWGFTLC with or without lO' ng/ml of TGF^.^^A set of 
cultures were treated with 10 or 20 ng/ihl of TGF/S alo- 
-25 : n<3. After '24 h the medium Ws"^ harvested and stored at 

- ■20**C. xintil ansiiyzed ^by" kymography (iSeussen 'i^^^'^^ 

V V 1980) • 12 >1 ot th^^G^ % SDS- 

: vpolyticryl&iiiae gils containing^- IvO ' iDig^mi ' 2-m^t^ , 4- 

; Vdijpheny 1-3 ( 2K) - f arb.r*bne-labelled gel^at in (6 • Gif ady et al., 
3C ' 1984} ; V The lysis of gelatin w'a^ monitored By'"iong' Wave 
UV flight and the gels weire photogx-aphed; A computerized 
c .densitometer (MCID-M4, liaagihg research inc. , St. Cathe^ 
rines, Ontcirio, Canada / was used*^ to measure the amount of 
gelatinases from the photographed gels. The cells in the 
35 plates were fixed with 4 % (v/v) formaldehyde in PBS con- 
taining 5 % (v/v) sucrose, and stained with 0.1 % crystal 
violet in boric acid (pH 6.0) for 20 min. After destain- 
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ing with 10..% acetic acid, the absorbancies were measured 
with Mult iscan MS plate reader (Version 4.0 , Labsystems , 
Helsinki> Finland) at 595 rm. The relative cell nxunber 
.-. obtained by this method was ueed '^^ftieh the amount of gela- 
5 tin^ses per cell yren.f counted. Only, MMP-t9 gave: measurable 
cleavage rate in prAar torcar^culate the amount of the 
enzyme per cell. The results shown in Fig. 12 are mean of 
two exper;iments./ . : : ■ 

10 Example 10s Effect of CTTHWGFTLC on keratinocyte migrati- 

. _ -on ^- • , • , • _ c • / : 

24-well plates (Cpstar, Cambridge, MA, USA) were coated 
with 50 A!n,'ml of fiAv:on^^^ (FN; from human plasma; Sig- 
15 ma, F-2006, St. Louia, MO, USA) ii PBS (pH 7.4). Metal 
cylinders were placed into the coated wells and 50 000 
HaCat cells in : KG!^ n^^ into the 

cylinders. The celln were allowed to attach to the subst- 
^ rate for 24 h at 37<>C;.in.humidified atiaospheze. The cy- 
20 linders were reiapV3d> ar;.d the non adherent ceXls were re- 
opovefi by washing with thei culture iredixim, thfzi medium was 
replaced with KGM containing various concentrritions of 
CTT?fWGFTLC or TGF^. Gells were allowed to migrate out 
. y from the, disk for 4 days at 37*>C. The medjtm was harves- 
25^. ted, and cells were fixed, % (v/vj formaldehyde in 

c it K ^^^^. ^^^^^^ and stained with 0.1 % 

.crystr-*.! violet in boric acid (pH 6. 0) . The were 
- v;. . P*?^ptGgraphed/ and migration, was o'4easured by 

<::oimtiiig ,t:t^e ar migrated cells using WI^I:: Image 1.45 

30 prograi?\,fcr,. Macintosh computer. A photograph of tho pla- 
, ^ ^ ;^es after 4, days, of migration and calculated areas of 

migrated cells are; shown in rig. 13. The: results are mean 
of two duplicate experiments. : 
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Sequ nee Listing Pr e Text - : ■ 
For Seq. ID No* 1: - * , * 

Variable aa, Xaa in position 2 can be any amino acid 

5 Variable aa, ;Xaa .in posi&ioli 3t^fcaiS/be any amino acid 

Variable aa, Xaa , in ^osit^op ^v?-" ^® ^PY: acid 

> i ^rY^^^^i^i'^i^ -aa/ Xaa wi :positidn> aica^ be any :amin^ acid 
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: SEQUENCE LISTlNa 

<110> . Heiflirxki Uniy^rail:y Licensing. : 

<120> Novel matrix metal lopt-oteinase inhibitors and down-regulators 

\^:210> . 1., ' .J'J.-:--"^^^^' V-- \v ' : \ 

'<2ii>- ' ^ 10- ' * • 

<2i2> ' PitT • 
<213> Unknown 

. <220> . , , • . . - . 

/ <22i>, " DOMkiN : , , , 

- <222>''-^' 2 : ^ -^"z' ! . ■, ... . . , 

- <22.S> - ' ■ Varia^^ Xaa ih- position 2' can be any amino acid 

. .; . , :. ' ii .,^^^(:■^:o■/ . -Z . . 1 ■ 

<220> 

! <22-'^> .-.DOMAIN,. K :^ /• 

;-<222>; ■ • '3.; : .V,,:" ;vv . ;]'■ ' ■ . 

<223> ' Vaxriabley aa/ ic^a^^in: positiibn 3 b any amino acid 

, - .;-.-;<:220> ' y - . : ^ ^-'^^ 

<221> DOMAIN 

^. ^ ,<222>. 8 . .. ; ; . . . ; : 

\ <223> \ Variable aa . Xaa in position 's can be airiy amino acid 
■ "<220> . ^ ' ■ ■ ■ ^ " ^ 

<223> Variable aa^. Xaa in position 9, can ^be any -amino acid 
<400> 1 - < - 

. V . Cys Xa^ Xaa.Jiifi Trp\Gly Phe Xaa :raa Cys : • 



<210> 2 

;<sii> 10 ■ !:• ' .\ 

<212> PRT . . : 

<213> : Unknown . ^ . 

<400> 2 

. , Cys ^Arg Zirg His Trp Gly Phe Glu Phe Cys 

' ...^ . .JXr. ■ 5 . , - ; 10 -i ^. 

''"'<210> 3' ' * ^ • ' ■ ■• 

<211> 10 
<213> OnVnowr ; 
<400> 3 

Cys Thr Thr His Trp Gly Phe Thr Leu Cys 
15 10 



wo 99/47550 PCT/FI99/00204 

28 

"Claims 

1. A matrix metal loprofeeiriase inhibitor and down-regulator 
comprising the cyclic ^tambture of the peptide motif 

CXXHWGFXXC 

: r owheretn X is any amind^^acld-residue^ - V 

10 2. The matrix metal loproteinase inhibitor and down-regula- 
- - tor according -to claim ^^WKferexti the is 

3 . -^Th'e matrix ^^etall^^^ and down-regula- 

15 J torv accdrdinig '^o "craim^-l '^el^in the peptide' fiotif * is 

4. A pharmaceutical composition comprising a matrix metal- 
aoj>rote triase ihhifeitoi: arid dbwh-fegulitor 'according to any 
20 one of claims 1 to 3 ^andF a pharim^cetrticdLlly acceptable car- 
rier. ' '-■'^^^ ^ ' ^ ' 

- -5. The use of a matitijf metil^toprc^teiri^'s inhibitor and 
doWn-re^latbr according %o iny 6ri^6 6f claims "l to 3 for 
25^ the manufacture of a phai^mdcSfitical -compd^ for the 

• treatmient of Matrix metal lbproteiri4se (rtMP) dependent con- 
r. ditibns/'' ^- I? ' ::\ s 

Y--tiv • v: H!^: 

6. The use according to claim 5 for the memufacture of a 
30 £ pha^a'Geiitical cbinpositioA 'f or tHfe' %reatitoent "^bf conditions 

' " mpemdnt <on MMP-2 and/^Sr^MMP-9; - " 

7. A process for the preparation of a matrix metalloprotei- 
c.7; :Hase iiiKibit6r/do\»hri-rlS^ According ^^'6 elaim 1, which 

"35 ^prbc€Jss comprises sblad^haise -rief4rlf t^^^^^ synthesis. 

8. A method for the therapeutf6^dr-''propSyiact^^ treatment 
of matrix metalloproteinase dependent conditions in mammals 
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comprising administering to said mammal a matrix metallo- 
proteinase inhibitor/down-regulator according to any one of 
, claims 1, to 3 in an amount, which is effective in inhibiting 
. aind down-regulating 1^ expressions and/or 

5 functions in said mammal. 

/',- 

9. The method according to claim 8 for the therapeutic or 
prophylactic treatment, pf conditions dependent on MMP-2 
and/or MMP-9. 

. .10. A .^Pjai^ synthesis, ac- 

tivations, expressions, functions and, actions of matrix me- 
tal loproteinases in mammals, comprising administering to 
said mammal -a matrix and down- 

15. .regulator accprdinc; ^to any one of rclaims. l tc: 3 in an 

amount which is effective in blocking Tthe for:!aations, acti- 
vities, activations and actions of MMPs. 

11. The .method apccr^ to iclaim 10 for inhibiting the 
20 expressions.: fojrmation^^^ activations and actions of MMP-2 
and/ or MMP-9. t 

, 12. A method for, ixhibit and , down-regulating matrix roe- 

, , tal loproteinases in comprising adding to an in vitro 

25., .system a matrix Kctf J^^^ and down-regu- 

, iator accprdir^g to ar^^^ of claims 1 to, 3; .in; an amount 
which is effective in inhibiting and downrregulating the 
MMP activity. 

30 . 13. The metiipd accorc'.ing to claim 12 wherein, the matrix 

metalloproteinaLses to he inhibited and ^dpimrriqgulated are 
MMP-2 and/or MMP-S. 

^_14<^ !|Phe,.use of c matrix .metalloprpteinase inh^ and 
35 ^, , dpwn~r€^]atpr^accordinr t^^ one of cl^imsv-l to 3 in 

biochemical isolation and purification procedures of matrix 
,iRetalloproteinaF€*.Fo , , \ 
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